Introduction
Prostate cancer is the most frequently diagnosed cancer in the United States and ranks second among cancer-related deaths (1) . Digital rectal examination, prostate specific antigen (PSA) and transrectal ultrasound (TRUS)-guided prostate biopsy play important roles in the diagnosis of prostate cancer. PSA is a marker with quite low specificity for cancer despite higher organ specificity.
Detection rates for prostate cancer showed an increase with the use of serum PSA for screening purposes. Widespread use of PSA screening has led to an increase of 70-80% in prostate biopsy procedures while reducing rates of mortality due to prostate cancer (2) . The PSA threshold for prostate biopsy was determined as 4ng/ml by Catalona et al. (3) . However, it was proposed later to be 2.5 ng/mL because cancer was detected in 22% of patients having a PSA level of 2. (4, 5) . There are still uncertainties today regarding the PSA threshold for prostate biopsy.
Although lowering the PSA threshold will result in an increase in the detection rate of prostate cancer, it will also cause an increase in the number of patients diagnosed with clinically insignificant prostate cancer and eventually unnecessary treatment in these patients.
In our study, we aimed to evaluate the differences between the groups of patients who underwent TRUSguided prostate biopsy and displayed different PSA values, by comparing prostate cancer detection rates, the average core lengths, the core lengths obtained per cc of prostate volume and the Gleason scores.
Methods
Medical records of 375 patients who had indication for biopsy and subsequently underwent TRUS-guided prostate biopsy between September 2012 and November 2015 in our clinic were retrospectively analyzed. Patients with initial biopsy were included in the study. Those with second biopsy were excluded from the study. The patients were divided into three groups according to their PSA values: group-1: 2.5-4ng/mL, group-2: 4.1-10 ng/mL and group-3: ˃10 ng/mL. The parameters that we compared between the groups were prostate cancer detection rates, Gleason score, average core lengths and the core length obtained per cc of prostate volume (6), which were used for the first time in our study. The study was approved by the Muğla Sıtkı Koçman University Scientific Research and Publication Ethics Committee (Approval number: 5061).
BiopsyTechnique Biopsy was performed with the patient in the lateral decubitus position with implementing either periprostatic nerve blockade or sedation procedure using midazolam and remifentanil (7) . An 18-gauge biopsy needle was used for the biopsy. Using the sextant biopsy technique, 12-16 core biopsies were taken depending on the prostate volume from the peripheral zone. In our previous study, we identified that cancer detection rates increased when the number of core taken was increased depending on prostate volume. Therefore, we performed 12-16 core biopsies depending on prostate volume (6) . Each biopsy core was taken into specimen tubes containing formaldehyde and separately labeled to identify the location and sent for pathological assessment.
Total core length and prostate volume was calculated for each patient. The average core length was calculated by dividing the total core length into the number of cores. The core length obtained per prostate volume (cc) was determined by dividing the total core length into the prostate volume for each patient. Each core was measured in millimeters in macroscopic evaluation. For the patients diagnosed with cancer in pathological evaluation, the percentage of cancer and Gleason score was determined for each core. The cases with a PSA level of <10 ng/mL, a Gleason score of ≤6, the number of positive cores ≤2 and involvement in each core ≤50% were considered clinically insignificant prostate cancer (8) .
SPSS 20.0 for Windows (SPSS Inc, Chicago, IL, USA) program was used for the statistical analysis of the data. The data was analyzed using the one-way ANOVA and independent t-test. A p value of less than 0.05 was considered statistically significant.
Results
Cancer detection rate was 26.7% (100/375). The mean age of the patients was 64.39±7.62 years, the mean PSA level was 15.69±40.94 ng/mL, and the mean prostate volume was 53.97±23.70 cc.
Cancer detection rate was 11.5% (3/26), 17.4% (43/247) and 52.9% (54/102) in Groups 1, 2 and 3, respectively. Three patients of Group 1 who were diagnosed with cancer had a Gleason score of 3+3=6 and all were having clinically insignificant prostate cancer. There was no statistical difference between the groups in terms of average core length and the core length obtained per cc of prostate volume. The rate of cancer detection showed an increase with increasing age and PSA values and a decrease with increasing prostate volumes (p<0.001 for all values). For the groups 1 and 2 and 3, average Gleason scores were 6, 6.39 and 7.20, respectively. PSA values were found to be 3.6, 3.9 and 4.0 ng/mL in three patients of Group 1 who were diagnosed with prostate cancer. Prostate cancer was not detected in any of the patients (n=13) having a PSA value of <3.6 ng/mL (Table  1, 2) .
The Gleason scores were not affected by age, prostate volume, average core lengths and the core length obtained per cc of the prostate volume whereas they increased as PSA values increased (p=0.004) ( Table 3) .
Discussion
Digital rectal examination, blood PSA level and prostate biopsy are widely used in the diagnosis of prostate cancer. We observed that the number of patients diagnosed with prostate cancer increased along with the use of PSA as a screening test for prostate cancer. Consequently, mortality rates due to prostate cancer decreased; on the other hand, there are also claims such that some patients are given unnecessary treatments. As it is known, PSA is a serum marker with higher specificity for organ but lower specificity for cancer. Hence, PSA is not exactly the required marker but yet the most commonly used screening method today for the diagnosis of prostate cancer. Abnormal digital rectal examination findings and/or high levels of PSA constitute prostate biopsy indications. There is still debate today, about what the PSA threshold value should be for prostate biopsy indication (9, 10) .
In a study by Catalona et al. (3) in 1991, PSA cutoff value of 4 ng/mL was suggested to be used with an acceptable sensitivity for prostate biopsy (3). In their subsequent study, the same group demonstrated that the number of proposed prostate biopsy increased from 8% to 17% by decreasing the PSA threshold from 4ng/mL to 2.6 ng/mL and prostate cancer could be detected at a rate of 22% within this interval (5).
Thompson et al. (11) detected prostate cancer among 10.1% and 17% of patients with PSA levels of ≤1ng/ml and 1.1-2 ng/mL, respectively. In another study, extracapsular spread was detected in 30% of the cancer cases with a PSA level of 4.1-10 ng/mL and worse prognosis was shown in these cases when compared with organ-confined cancer cases (12) . In our country, Albayrak et al. (13) reported cancer detection rates of 25%, 17.1% and 51.2% in patients with PSA levels of 2.5-4, 4.1-10 and ˃10 ng/mL, respectively. In our study, cancer detection rate was found to be 11.5%, 17.4% and 52.9% in patients having PSA levels of 2.5-4, 4.1-10 and ˃10 ng/mL, respectively. Comparison of our results with those reported by Albayrak et al. (13) revealed close similarity for group 2 and 3 patients whereas we detected cancer at a lower level for group 1 patients. Given the increased cancer detection rates at higher PSA levels, we may conclude that our results were more consistent.
Esen and Avunduk (14) compared PSA levels and Gleason scores and found PSA levels of 13, 24, 90 and 113 ng/dL in patients grouped as GS 2-4, GS 5-6, GS 7 and GS 8-10, respectively. We determined Gleason scores of 6, 6.3 and 7.2 in patients grouped according to the PSA levels as 2.5-4, 4,1-10 and ˃10 ng/mL.
Despite such high prevalence of prostate cancer, lifetime risk of developing clinical prostate cancer is (15, 16) . By lowering the cut-off value of PSA, more tumors can be diagnosed at an early stage and can be treated before reaching a palpable level by rectal examination. Nevertheless many more clinically insignificant cancers are also identified, hence unnecessary treatments are applied. In our study, prostate cancer was detected in three of twenty seven patients who displayed PSA values of 2.5-4 ng/dL and all the three were clinically insignificant cancer cases. The average core length and previously defined core length per cc of the prostate volume were found to be similar in the three groups, which may suggest that the other factors influencing detection rates (e.g. length and number of cores) were minimalized.
In order to tackle the uncertainties in the diagnosis and treatment of prostate cancer, novel diagnostic and screening methods should be developed that would ignore clinically insignificant prostate cancers but would never miss out clinically significant cases. For this purpose, increased use of multiparametric magnetic resonance imaging (mp-MRI) and magnetic resonance imaging (MRI)-guided prostate biopsy looks promising and encouraging. In patients with one or more negative prostate biopsy results, MRI-guided prostate biopsy performed in suspicious areas detected by three Tesla mp-MRI was shown to detect prostate cancer at a rate of 41% and, consequently, 87% of these cancers were identified as clinically significant cancers (17).
Pepe et al. (18) performed saturation biopsy in 100 patients in whom prostate cancer was not detected in the first biopsy, but PSA remained high and continued to increase during the follow-up. Before biopsy, three Tesla mp-MRI was performed in all patients. Additional biopsies were taken from suspicious areas in patients with suspected tumors identified on mp-MRI. Prostate cancer was diagnosed in a total of 37 patients. Mp-MRI targeted biopsies diagnosed cancer in 29 patients. The remaining eight patients with undetectable tumors by mp-MRI targeted biopsies were found to be clinically insignificant cases. The authors concluded that mp-MRI can provide a significant improvement in the diagnosis of prostate cancer and, consequently, those that remain undetected in this way are clinically insignificant cancers (18) . The European Association of Urology Guidelines suggest using additional diagnostic options, such as risk calculator, Prostate Health Index and 4K score, in asymptomatic men having PSA values between 2.0 ng/mL and 10 ng/mL.
Limitations of our study can be listed as being a retrospective study and limited number of patients which is insufficient to determine a definite PSA threshold.
Conclusion
Prostate cancer was not detected in our study in any patient with a PSA value below 3.6 ng/mL. Lowering PSA cut-off value to 3.6 ng/mL may prevent unnecessary prostate biopsies. In order to get through the difficulties regarding the uncertainties in the diagnosis and treatment of prostate cancer, we should develop novel diagnostic and screening methods that could disregard clinically insignificant prostate cancers but would never skip any clinically significant cases. Financial Disclosure: The authors declared that this study received no financial support.
